ANOVA and MANOVA address different research questions and decision on conducting one or the other of these tests relies on the research purpose. One prominent illegitimate analysis of multivariate data is developed out of conducting multiple ANOVAs rather than conducting a MANOVA. Another common mistake about MANOVA applications is the use of improper post hoc procedure. Post hoc procedures are needed to determine why the null hypothesis was rejected. Although the correct post hoc procedure for MANOVA is descriptive discriminant analysis (DDA), many researchers fail to conduct DDA to interpret their MANOVA results. The purpose of this study is two-fold; (1) we aim to emphasize the theory behind the MANOVA and its appropriate post hoc procedure and make clear distinction between surrogate statistical procedures such as ANOVA; and (2) this study also investigates the extent of incorrect analysis of multivariate dependent variables in educational research in Turkey. First, we provided a small simulation study to demonstrate the extent to which multiple ANOVAs yields contradictory results when they are inadvertently used to test group mean differences on multiple dependent variables. Results of the simulations indicated that MANOVA and multiple ANOVAs had severe disagreements under many conditions. Disagreement rate is elevated under the conditions where MANOVA retains the null hypothesis. Then, we systematically reviewed the archives of three education journals, which are classified as higher-, medium, and lower quality journals. Results indicated that correct use of MANOVA with its proper post hoc procedure is not common practice across educational researchers who publish in Turkish education journals.
INTRODUCTION
Univariate and multivariate data analysis are the two distinct statistical approaches. Univariate analysis involves only one variable at a time while two or more variables are involved in multivariate analysis. The analysis on group mean differences on a single outcome variable is referred to as Analysis of Variance (ANOVA); yet when multiple outcome variables are involved, we speak of Multivariate Analysis of Variance (MANOVA) (Fish, 1988; Stevens, 2002) . Primary purpose of conducting both analyses is to determine treatment variable effect. MANOVA can be considered as a more general procedure of ANOVA. Although MANOVA is the most commonly used multivariate data analysis procedure (Kieffer, Reese & Thompson, 2001; Zientek & Thompson, 2009) ; literature indicates that MANOVA and its accompanying post hoc procedures are not properly understood by a considerable amount of social science researchers (Tonidandel & LeBreton, 2013; Warne, 2014; Warne, Lazo, Ramos & Ritter, 2012) .
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ANOVA and MANOVA address different research questions so that decision on conducting one or the other of these analyses must be determined by the purpose of the research. One prominent inadvertent analysis of multivariate data is derived from conducting multiple ANOVAs rather than conducting a MANOVA. Conducting multiple ANOVAs fundamentally differs from MANOVA in two ways: (1) Multiple ANOVAs yield increase in the likelihood of committing Type I error. In a series of ANOVA, experiment-wise error can be as high as 1-(1-α) t , where α is the Type I error rate and t is the number of ANOVAs conducted. For instance, the experiment-wise error will be .185 (i.e., 1-(1-.05) 4 ) for α = .05 and t = 4. Of course, this is the extreme case where dependent variables are uncorrelated. It should be noted that Type I error rate inflation depends on the correlation between the dependent variables (Hummel & Sligo, 1971) . Therefore, Bonferroni correction (i.e., α/t) cannot overcome this problem unless dependent variables are truly uncorrelated.
Second fundamental difference (2) relies on the fact that ANOVA and MANOVA tend to answer to distinct empirical questions. Former statistical procedure is used to test the group mean differences on an observed variable, whereas the latter is used to test the group mean differences on underlying latent variables (Zientek & Thompson, 2009) . Multiple ANOVAs fail to determine relationship between the independent variable(s) and combination of dependent variables (Warne, 2014) . Notice that we are not interested in the possible group mean differenced on indicators (i.e., observed variables) of a latent dependent variable; yet we would like to detect the group mean difference on the latent variable that may be determined by a linear combination of the indicator variables. For example, from the statistical point of view, there might be no statistically significant difference in each of the dependent variables, yet a significant difference might be suggested by combination of them.
Another common mistake that is made in conducting MANOVA is related to use of improper post hoc procedure. Post hoc procedures are generally needed when the null hypothesis (H0) is rejected in MANOVA (Stevens, 2002) to determine why the H0 was rejected. Although the proper post hoc procedure for MANOVA is descriptive discriminant analysis (DDA) (Warne, 2014) , most researchers do not conduct DDA to interpret their MANOVA results (Huberty & Morris, 1989; Warne et al., 2012) . This is mainly because many researchers use SPSS for MANOVA and it automatically conducts an ANOVA for each dependent variable. However, some researchers claim that because ANOVA is only concerned with observed variable, use of ANOVA as a follow-up procedure to significant MANOVA result is against the nature of MANOVA (Kieffer et al., 2001; Zientek & Thompson, 2009) . Underlying rationale to this claim relies on the difference in the empirical questions ANOVA and MANOVA are exposed to (i.e., ANOVA tests the mean differences on the observed variable whereas MANOVA tests the mean differences on the underlying latent variables).
Purpose of the Study
The purpose of this study is two-fold. (1) We aim to emphasize the theory behind the MANOVA and its appropriate post hoc procedure (i.e., DDA) and make clear distinction between surrogate statistical procedures such as ANOVA.
(2) This study also investigates the extent of inadvertent analysis of multivariate dependent variables in educational research in Turkey. In other words, this study aims to determine to the extent to which educational researchers conduct MANOVA when it is the most appropriate way of analyzing the data to answer their empirical question.
Univariate and Multivariate Hypothesis Testing
To find out whether the mean score on a dependent variable is equal across two or more groups, ANOVA test is conducted and an F-statistic is computed. To test the null hypothesis (i.e., group means are equal) observed F-statistic compared against the sampling distribution. The null hypothesis is rejected when observed statistic fall beyond a predetermined critical value; otherwise the null hypothesis is retained. When multiple dependent variables are employed in the analysis, each of them may or may not fall in the rejection region. Furthermore, linear combinations of the dependent variables may or may not fall in the rejection region. Imagine a case where two perfectly uncorrelated Figure 1 , rejection region becomes the outside of the circle. Further assume that these two uncorrelated observed dependent variables equally contribute to the underlying latent variable. Then one of the four possible cases may be observed.
Figure 1. Possible Hypothesis Testing Results for Two Perfectly Uncorrelated Dependent Variables
In the first case, both of the observed variables (i.e., x and y) and the latent variable (i.e., A) do not fall outside the circle so that all of the hypotheses testing the group mean differences in the observed and latent variables are retained. In other words, neither the ANOVAs nor the MANOVA suggest any significant difference. In the second case (i.e., latent variable B), although both ANOVAs fail to reject the null hypotheses, MANOVA rejects the null hypothesis. In case of latent variable C, MANOVA and ANOVA testing the difference on observed variable x yield significant difference; whereas ANOVA for the observed variable y suggests no significant difference. In the last case, all tests reject the null hypotheses. As shown in the Figure 1 , MANOVA and multiple ANOVAs may result in contradicting results.
When a MANOVA test result rejects the null hypothesis of equality of group means we need to go ahead and identify how one or more groups of observations differ by interrelated multiple dependent variables. Difference can be in anywhere: in one variable or in a combination of multiple variables. DDA should be run to find the source of the difference. Although we have no intention to explain DDA in details, several reminders might be noted here. DDA provides us with discriminant functions, which are created by the linear combination of the dependent variables to maximize group differences (Sherry, 2006) . DDA treats outcome variables as the linear combination of the dependent variables that maximizes group differences. DDA, in general, help us determine how much each of the dependent variable contribute to group difference on the outcome variable.
METHOD
This study can be regarded a documentary survey, which is a type of survey research under the descriptive research method. Documentary surveys are akin to content analysis or document analysis. The term content analysis is used to define the process of summarizing and reporting written data (Cohen, Manion & Morrison, 2002) . Document analysis is defined as a systematic procedure for evaluating or reviewing printed and/or electronic materials (Bowen, 2009) . With this documentary survey, we aim to ascertain whether use of MANOVA with its proper post hoc procedure is common practice across educational researchers who publish in Turkish education journals. 
Data Collection Procedure
We have obtained our data through screening the archives of three education journals. We specifically reviewed all issues published in these journals in the last four years (i.e., 2015-2018). These three journals may represent the higher, medium, and lower quality journals based on where they are indexed. Based on our classification, Thompson Reuters Social Sciences Citation Index indexes the higher quality journal. The medium and lower quality journals are indexed by the Thompson Reuters Emerging Sources Citation index and ULAKBIM Social and Human Sciences Database (Sosyal ve Beşeri Bilimler Veri Tabanı), respectively. Detailed information on the journals may be provided upon request.
Researchers reviewed the articles published in these three Turkish education journals and reported the counts as well as the type of analyses used to test intervention effect or group mean differences in multiple outcome variables. Furthermore, counts and the types of post-hoc procedures are also reported. We considered the following types of multivariate dependent variable analyses: Moreover, we provided a small simulation study to demonstrate the extent to which multiple ANOVAs yields incorrect results when they are inadvertently used to test group mean differences on multiple dependent variables. This simulation is also designed to determine to what extent the results of multiple ANOVAs agree to the results obtained from MANOVA. For the simulation conditions, data were generated from a standard multivariate normal distribution. Sample size is fixed to 100 for each group. Number of groups and number of dependent variables are fixed to two, and three, respectively. Correlation between the dependent variables, difference in the population means, and distribution variance are the three variables considered to create the simulation conditions. Correlation had two levels, which specifies lower-and higher-correlation conditions. More specifically, in lower correlation condition, the correlations between the dependent variables are drawn from a uniform distribution with minimum of .2 and maximum of .4. Likewise, correlations for the higher correlation condition are drawn from a uniform distribution with minimum value of .6 and maximum value of .8. Note that the mean of these distributions (i.e, .3 and .7) are the cutoff scores for describing the magnitude of a relationship in social sciences. As argued by Köklü, Büyüköztürk and Çokluk (2007) , a correlation coefficient smaller than .3 represent a low relationship and one larger than .7 represents a high relationship. Population mean difference had three levels, which are labeled as small-, medium-, and largedifference conditions. These three levels were fixed to 0.2, 0.4, and 0.6 standard deviations. Here we have no intention to define what is a small or a large difference is; rather, we are just using these arbitrary differences to demonstrate the impact of the size of mean differences. More specifically, one group is generated from a multivariate normal distribution MVN(0,Σ), where Σ is the variancecovariance matrix determined by the variance of and correlations specified for each conditions. Then, 0.2, 0.4, or 0.6 is added to the mean vector of the second group for the small, medium, and large mean difference conditions, respectively. Last variable is the distribution variance for which 0.5, 1.0, and 1.5 were used to represent lower-, medium-, and higher-variance conditions. These three variables and their levels are summarized in Table 1 . Combination of two correlation levels, three mean difference levels, and three variance levels yield 18 conditions. Number of replication for each condition is fixed to 500. .000 Note: Corr is the correlations between the dependent variables; Δμ is the population mean differences; σ 2 is the distribution variance; and p is the type I error rate of the test.
RESULTS

Simulation Results
Data generation and the analyses of the generated data are conducted in R language and statistical computing environment (R core team) using R-package "MASS" (Venables & Ripley, 2002) . R code used for data generation and analyses is given in the Appendix A. Simulation results are summarized in Tables 2 and 3 . These tables present the conformity on test results of MANOVA and multiple ANOVAs without and with Bonferroni correction, respectively. It should be noted here that, under the (multiple) ANOVAs condition, retain refers to the conditions where all three tests corresponding to three dependent variables are retained; whereas, reject refers to the conditions where at least one hypothesis out of the three is rejected. In the MANOVA tests, we used the Pillai's trace as rejection criterion because it is more robust to MANOVA violation of test assumptions (Olson, 1974) .
First of all, result tables present two expected results: (1) Increase in the sample variance yields increase in the number of retained null hypotheses when the mean difference is tested by either multiple ANOVAs or by a MANOVA. For example, under the lower correlation and small mean difference cases, MANOVA retains about 37% to 80% of the null hypothesis as the variance increases from 0.5 to 1.5. Similarly, when we conduct multiple ANOVAs without Bonferroni correction, approximately 17% to 56% of the null hypotheses are retained as the sample variance increases from 0.5 to 1.5. Under the same conditions, when we conduct multiple ANOVAs with Bonforreni correction, these percentages become 34% (i.e., .318+.022) to 77% (i.e., .750+.016). Another expected result is (2) the increase in the rejection rates of the tests along with the increase in the sample mean differences. For example, under the lower correlation and higher variance conditions, rejection rates of MANOVA varied from .204 to .976 as the sample mean differences increases from 0.2 standard deviation to 0.6 standard deviation. Rejection rates of multiple ANOVAs without Bonferroni correction vary between .440 (i.e., .238+.202) to 1.000 (i.e., .024+.976) for the same conditions. When ANOVAs are conducted with Bonferroni correction, rejection rates of multiple ANOVAs vary between .234 (i.e., .046+.188) to .980 (i.e., .004+.976). Although these are the expected results, we are more interested in the agreement between the MANOVA and multiple ANOVAs in terms of hypothesis test results. Remember that this simulation study only considers the similarity of the test results from a statistical point of view. We do not have any intention to downgrade the importance of theoretical considerations on choosing one or the other analysis.
When we look at the results obtained under lower and higher correlation conditions, MANOVA tend to fail to reject the null hypothesis as the correlation between the dependent variables increases. For example, when sample variance is higher and correlation between the dependent variables is lower, MANOVA retains the null hypothesis .796, .258, and .024 of the time for the small-, medium-, and large mean difference cases; whereas these rates rise up to .828, .446, and .096 under the higher correlation cases. As long as the simulation results concerned, we are mainly interested in the agreement rates of the two types of dependent variable analysis results. Looking at the retain rates, we observed a great quantity of disagreement under certain conditions. For instance, MANOVA retains the null hypotheses with a rate of .368 (i.e., 184 out of 500) under the lower correlation, small mean difference, and lower sample variance case. Multiple ANOVAs, however, only retain 87 out of the 184 null hypotheses, which are already retained by MANOVA (i.e., agreement on retaining the null hypotheses is .174). When Bonferroni correction is applied to ANOVA tests, this agreement rate is reported to be 159 out of 184 times (i.e., .318).
Tables 2 and 3 suggest that multiple ANOVAs procedure rejects a great deal of the null hypotheses that are already rejected by MANOVA. The highest disagreement rates for the ANOVAs are observed under small mean difference cases when Bonferroni correction is applied to ANOVAs (i.e., up to .034 and .022 under the lower and higher correlation conditions, respectively). In general, these results indicate that application of multiple ANOVAs rather than a single MANOVA yields higher rejection rates. We have gathered our archival data by screening the archives of three education journals (e.g., higher, medium, and lower quality). We have found 144 studies investigating the mean difference of multivariate dependent variables as we have viewed a total of 767 articles. We looked at the data analysis technique used for testing the group mean differences. To categorize reviewed works, we have used the flow chart given in Figure 2 . In our archival survey, we have come across multiple ttests applied to test the mean differences across two groups on multiple dependent variables. These studies were counted toward multiple ANOVAs category. Results on the archival survey are summarized in Table 4 . Rate of articles investigating treatment variable effect on the multivariate variables are about 18% (i.e., 51/290 and 38/216) for the higher and medium quality journals, while this rate is slightly higher for the lower quality journal (i.e., 21% or 55/261). Rate of MANOVA test use for detecting treatment effect is quite low: 10/51; 7/38; and 2/55 for the higher, medium, and lower quality journal publications, respectively. Although the maximum number of studies investigating mean differences on multivariate data is reported to be published in the lower quality journal, use of MANOVA to test the mean difference is only about 4% (i.e., 2 out of 55). Within the rare use of MANOVA, employment of ANOVA as post hoc tests is quite common (i.e., 14 out of 19). This may be mainly due to the fact that ANOVA tests are readily available when MANOVA test is run by the statistical package for the social sciences (SPSS). Moreover, although the most accurate inferences can be made when DDA is run as a follow up test for MANOVA, we have not come across any study that used DDA to interpret MANOVA results.
Journal of Measurement and Evaluation in Education and Psychology
It is obvious from the results summarized in Table 4 that many researchers do not use MANOVA when it is the most appropriate way to test effect of independent variable(s) on the multivariate dependent variables. Rather than using MANOVA, many educational researchers who published in Turkish educational journals run a single ANOVA on the sum score obtained from multivariate dependent variables or they run multiple ANOVAs to test the effect on each of the dependent variables separately. Figure 3 displays these results based on the three types of journals as well as the results obtained from all three journals altogether. This figure shows that employment of MANOVA is quite rare across all, especially for the lower, quality journal publications. At least more than half of the studies run multiple ANOVAs rather than running a single MANOVA to test group mean differences on the multivariate dependent variables. Furthermore, approximately 30% of the studies used a single ANOVA test on a dependent variable, which is obtained by summing all the scores on multiple dependent variables. 
DISCUSSION and CONCLUSION
Primary purpose of conducting univariate or multivariate analysis of variance is to determine treatment variable effects. Although MANOVA can be considered as a more general procedure of ANOVA, it is not just a statistical extension of ANOVA because they address different research questions. ANOVA is used to test the group mean differences on an observed variable whereas MANOVA is used to test the group difference on an underlying latent variables. By conducting a MANOVA we basically test the group mean differences on a linear combination of the dependent variables. Because we are not interested in the mean difference of any single dependent variable when we conduct MANOVA, conducting multiple ANOVAs (i.e., an ANOVA for each dependent variable) would not With this study, we aimed to emphasize the theory behind the MANOVA and to make clear distinction between surrogate statistical procedures such as ANOVA. We not only focused on the theoretical difference between the two; through a small simulation study, we also demonstrated the discrepancy between obtained statistical test results. Then, we further investigated the extent of incorrect analysis of multivariate data in educational studies that are published in Turkish education journals. We specifically focused on the analysis of multivariate data for treatment variable effects and the post hoc procedures used for follow up. Results indicated that correct use of MANOVA with its proper post hoc procedure is not common practice across educational researchers who publish in Turkish education journals.
Although the courses given in the graduate level include the analysis of multivariate data, it is observed that, at least in case of MANOVA, the areas of application are not properly understood. The underlying reason for this may be the presentation of practical information on how to analyze data at hand with specific statistical package programs (eg., SPSS) rather than presentation of the theoretical background of these statistical data analysis techniques. In order to eliminate such deficiencies and misunderstandings of individuals who are conducting research in education, it is useful to take steps to gain theoretical knowledge on the basis of statistical analysis in the graduate education programs. We also suggest researchers to co-operate with the experts of the related fields if they deem necessary.
